The Prostate Expression Database (PEDB) is a curated relational database and suite of analysis tools designed for the study of prostate gene expression in normal and disease states. Expressed Sequence Tags (ESTs) and full-length cDNA sequences derived from more than 40 human prostate cDNA libraries are maintained and represent a wide spectrum of normal and pathological conditions. Detailed library information including tissue source, library construction methods, sequence diversity and abundance are available in a library archive. Prostate ESTs are assembled into distinct species groups using the multiple alignment program CAP2 and are annotated with information from the GenBank, dbEST and Unigene public sequence databases. Annotated sequences in PEDB are searched using the BLAST algorithm. The differential expression of each EST species can be viewed across all libraries using a Virtual Expression Analysis Tool (VEAT), a graphical user interface written in Java for intra-and inter-library species comparisons. PEDB may be accessed via the World Wide Web at http://www.mbt.washington.edu/PEDB/
INTRODUCTION
Diseases of the prostate including prostate carcinoma and benign prostatic hypertrophy affect millions of individuals worldwide and contribute to significant morbidity and mortality. Estimates from the American Cancer Society indicate that more than 180 000 American men will be diagnosed with prostate cancer, and 39 000 will die of this malignancy in 1998 (1) . Growing evidence implicates molecular genetic alterations in the development and progression of prostate cancer (2, 3) . Altered expression levels for individual or cohorts of genes may thus serve as leads for functional studies, diagnostics, therapeutic targets and potentially as predictors of clinical behavior.
The human genome is estimated to comprise approximately 100 000 genes (4) . In order to confer developmental and functional specificity, only a fraction of this total are active in a given cell type at a given time, and these expressed genes result in the specific phenotype exhibited by the cell. As tumor cells are phenotypically different to their normal counterparts, their set of expressed genes, defined here as the transcriptome, differs in a qualitative (different genes expressed) and quantitative fashion. A thorough understanding of which genes are expressed, to what extent, and under what conditions would provide insight into the process of normal homeostasis and the process of carcinogenesis. The systematic and automated categorization of Expressed Sequence Tags (ESTs) by clustering and annotation provides a method to rapidly define a tissue or cellular transcriptome (5, 6) . A comparison of expression profiles between normal and pathological states can be used to identify differentially expressed genes that may provide insights into normal and abnormal physiology.
The Prostate Expression Database (PEDB) is an effort to establish a transcriptome of the human prostate that can be utilized by investigators studying normal and neoplastic prostate development. PEDB is a curated resource comprised of ESTs produced from cDNA libraries representing a wide spectrum of normal, benign and malignant prostate disease states. Detailed library information including tissue source, library construction methods, sequence diversity and abundance are maintained in a relational database management system (RDBMS). Prostate ESTs are assembled into distinct species groups using the multiple alignment program CAP2 (7) , and annotated with information from the GenBank (8), dbEST (9) and Unigene (10) public sequence databases. The primary user work sites involve: (i) database queries with nucleotide sequence information using the BLAST algorithm (11) to find homologous sequences in PEDB that could be useful in extending and further defining the user's sequence; and (ii) virtual expression analysis using a graphical user interface to perform intra-and inter-library sequence abundance comparisons. The PEDB also provides links to other relevant WWW resources involving prostate disease, cancer biology and genomics. 7.2) to automate a pipeline of sequence submission, masking, clustering and annotation tasks (Fig. 1 ). ESTs derived from the human prostate gland are obtained from GenBank via Entrez batch search (http://www.ncbi.nlm.nih.gov/Entrez/batch.html ), the NCI Cancer Genome Anatomy Project (CGAP; 12), The Institute for Genome Research (TIGR; http://www.tigr.org ), and the University of Washington. ESTs and relevant information are maintained in the RDBMS. Presently, more than 50 000 sequences from 42 distinct cDNA libraries comprise PEDB (Fig.  2) .
PEDB DATA

Sequence processing and curation
Each EST is examined for sequence homology to cloning vectors, Escherichia coli and repetitive DNA sequence using a core program called AnalDemon (http://www.mbt.washington. edu/PEDB/software ). AnalDemon first employs Cross_Match (http://bozeman.mbt.washington.edu/phrap.docs/general.html ), a program based on the Smith-Waterman-Gotoh algorithm, to screen for vector contamination. ESTs are then compared using Cross_Match with the complete E.coli genome. Finally, ESTs are examined for interspersed repeats and regions of low sequence complexity using Repeatmasker (http://ftp.genome.washington. edu/RM/RepeatMasker.html ). Analysis results are stored in the RDBMS and are used to produce quality reports describing sequence contamination and artifacts. Regions of EST sequences with homology to vector, E.coli, or interspersed repeats are masked, and thus are not available for subsequent sequence assemblies. Elimination of these regions speeds the automated clustering and annotation process, and reduces the occurrence of erroneous assemblies.
EST assembly and clustering
CAP2 (7), a multiple alignment program based on a variant of the Smith-Waterman algorithm, is used for sequence assembly. Clustering is based on maximal scoring overlapping alignments and allows for general substitutions from sequencing errors, insertions and deletions. CAP2 produces a consensus sequence and allows varying sensitivity and overlap parameters. Unlike phrap (http://bozeman.mbt.washington.edu/phrap.docs/general. html ), CAP2 does not depend heavily on quality information and is desirable in cases where original sequence data is difficult to obtain. The program also provides alignments of the assembled sequences for visual inspection. A pre-sort step allows for rapid clustering.
Following the masking processing by AnalDemon, the cohort of ESTs with >100 bp of unmasked sequences are extracted and assembled. Assembling all ESTs from all libraries together ensures that more sequences will be correctly classified and assigned to the appropriate species ID even if they do not receive an annotation to a sequence in the public databases. Each group or cluster of ESTs exhibiting significant homology with one another is termed a species. Thus, a species is a sequence or group of sequences that is unique relative to the nucleotide sequence of other groups of sequences, and each is given a unique PEDB species identification number (SID). The SID provides a means to perform gene expression analyses across the entire assembly set, and can be used to provide a library-by-library speciesspecific differential expression profile.
Annotation
Each distinct species from the assembly is annotated by searching the Unigene (ncbi.nlm.nih.gov in /pub/schuler/unigene), GenBank (ncbi.nlm.nih.gov/blast/db/nt.Z), and EST databases (ncbi.nlm.nih.gov/blast/db/est.Z) using BLASTN (http://blast. wustl.edu ). Annotations are assigned automatically using the program SmartBlast (http://www.mbt.washington.edu/PEDB/ software ) by selecting the database match with the lowest P value and the highest BLAST score where the maximum P value is e -20 and the minimum BLAST score is 500. A small number of species required manual reconciliation when either two distinct PEDB species were annotated with the same public database ID, or annotated with the same ID in one public database and different ID in another. Figure 3 depicts the annotation results of PEDB ESTs.
QUERIES, VISUALIZATION AND ANALYSIS TOOLS
Sequence homology searching
A BLAST server has been established at the PEDB site to allow homology comparisons between an investigator's pasted or uploaded query sequence and the annotated ESTs archived in PEDB. BLAST results include links to GenBank that display the GenBank file for the public sequence to which the species is annotated. A BLAST interface for the Unigene database is also available for sequence homology queries. 
Virtual expression analysis
Dynamic gene expression profiles based upon the EST assembly and annotation information are generated, viewed and manipulated using the Virtual Expression Analysis Tool (VEAT). VEAT was written in the Java 1.1 programming language with initial zooming and plotting capabilities provided through a graphing package called PTPLOT (http://ptolemy.eecs.berkeley.edu/java/ ptplot/index.html ). VEAT provides a virtual inter-and intralibrary analysis of transcript abundance, diversity and differential expression. Libraries or groups of libraries from normal prostate, primary carcinoma, metastatic carcinoma, or with other specified attributes are selected individually or grouped for comparative analysis. The species abundance for each library align to produce a map of expression that is easily expanded or contracted for more or less detail. Different viewing options isolate unique or common species between libraries or groups of libraries. Thresholds dictating the level of expression differences to display are selected by the viewer. Gene species can also be analyzed for differential expression across all libraries or selected groups (Fig. 4) .
Individual data points, representing a species of interest, may be selected to reveal annotation and library information in a text box below the plot. If the species of interest is reported as similar to a known sequence in GenBank, then the GenBank report for that sequence can be requested by selecting the GenBank button on an adjacent panel. Selecting the PEDB button will show the library and nucleotide sequence information for that species, including a breakdown of all ESTs assembled to produce the species consensus sequence. A detailed help section is available for orienting first-time users to the features of the VEAT interface.
SUMMARY AND FUTURE DEVELOPMENT
PEDB serves as a centralized archive of gene expression information derived from the human prostate organized in a fashion suitable for sequence-based queries, assessment of gene expression diversity and comparative expression analysis. In addition to continually adding new sequence data, future enhancements to PEDB focus on expanding the comparative analysis capabilities across other tissue types, providing an interactive cluster or contig assembly viewer, adding statistical validation to expression analyses and, ultimately, developing a corresponding database of prostate-specific protein expression information. The database is available via the World Wide Web at http://www.mbt.washington.edu/PEDB/ . We encourage users of PEDB to cite this paper as the primary reference.
